In subtidal zones, certain shrimp species with cryptic behaviour represent a gap in the biodiversity description in many places in the world. This study extends the southern limit of Stenopus hispidus (Oliver, 1811), Alpheus formosus Gibbes, 1850, Alpheus cf. packardii Kingsley, 1880 and Lysmata ankeri Rhyne & Lin, 2006 to Santa Catarina State-Brazil, 27 o S. The results also confirm the new occurrence of Stenopus spinosus Risso, 1827 in Brazilian waters. All specimens were collected by scuba diving from rocky islands between 3 and 25 meters depth. We present for each species certain taxonomic features in colour images that will help to identify these decapods in situ in further monitoring programs.
Introduction
Crustacean decapods are one of the most remarkable taxa in marine ecosystems with high diversity and importance in fisheries and trophic dynamics. However, due to cryptic habits they usually live hidden during daylight in fissures, cavities, caves and under soft bottoms and are rarely observed by marine scientists in their natural habitats (Williams 1984; Denitto et al. 2009; Stier & Leray 2013; Poupin & Starmer 2013; Giraldes et al. 2014) . This cryptic behaviour is the main reason marine scientists capture these crustaceans with indirect sampling methods. For example, using nets, traps or cores involving a removal of the whole substrate for further sorting in the laboratory and only decapods from intertidal and supratidal zones are manually captured in natural habitat (Coelho & Ramos-Porto 1998; Masunari & Dubiaski-Silva 1998; Giraldes et al. 2014) .
Scuba diving has been a revolutionary tool in research and discovery for the marine sciences (Lang et al. 2013) . It allows scientists to capture rare decapods inside deep cavities from hard substrates as well as decapods associated with sessile benthic organisms. These areas were previously inaccessible using traditional sampling methods. As evident from several new decapod occurrences having been reported in Brazil by Gregati et al. (2006) , Bouzon & Freire (2007) , Teschima et al. (2012) , and Giraldes et al. (2012b) , also in other parts of the world by Lee & Ko (2011 ), Oliveira et al. (2011 and Poupin & Starmer (2013) .
Current biodiversity research using scuba diving in shallow rocky reefs in the southern coast of Brazil has yielded new information about decapods with cryptic habits. In agreement with this, here we present the southern limit extension in the southwestern Atlantic ocean ( Calado (2008) .
Study area
The crustaceans were collected and observed in the state of Santa Catarina in the southern coast of Brazil, (27 o S) from the islands of: Arvoredo, Deserta, Galés and Calhau de São Pedro which are part of the Arvoredo Marine Biological no take Reserve (Arvoredo REBIO); and in Porto Belo and Aranhas Island outside the marine reserve ( Figure 1 ). The shallow bottom of the islands is a rocky reef habitat with different shapes and sizes of overlapping stones that form a soft slope to the sandy bottom. Large rocks can be found forming walls and deep caves used also by crustaceans as shelter. This typical rocky reef goes throughout approximately 600 km on the Brazilian southeastern coast, between Cabo Frio-RJ (22 o S) and Cabo de Santa Marta-SC (28 o S) (Villwock et al. 2005) . 
Material and methods
The study was conducted between June 2013 and July 2014 according to the MAArE project schedule. The project aimed to establish a biodiversity assessment program in the rocky reefs at the Arvoredo Marine Biological Reserve (Arvoredo REBIO) ( Figure 1 ). Regarding the MAArE aims, underwater visual censuses (UVC) and active searches were performed at sample sites. Except for Porto Belo Island and Calhau de São Pedro Island, where only active searches were performed.
The UVC method was supported by previous experience in decapod taxonomy and recognition in situ Giraldes et al. 2012a; 2012b) . A total of 26 scuba dives, about 40 minutes each, were performed according to the local depth. Searches for decapods were conducted in shallow rocky environments using dive lights. They included observations of deep crevices, cavities and other possible shelters from 3 to 25 m depth.
During the UVC, new occurrences were carefully captured with aquarium nets traditionally used for handling shrimp. Crustaceans were transported to the laboratory and photographed alive under an optical microscope to demonstrate the colour pattern and their distinct taxonomic characteristics. The species body length (TL) was 
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Gales Island Porto Belo Island Calhau de São Pedro Aranhas Island measured from the tip of rostrum to the end of the telson. The specimens were deposited in the LCP/ Dept. of Ecology and Zoology Collection of Federal University of Santa Catarina (LCP/ ECZ/ UFSC). Specimens captured and identified in laboratory were presented in the result section as "material examined"; specimens identified in situ are named in the results section as "material observed". The main characteristics and colour patterns used for species identification in field and in laboratory are presented in the figures of each species.
The sequence and taxonomic divisions presented here are according to De Grave et al. (2009); the taxonomic identification and geographical distributions follows references cited in the results section. Identification and the photographic credits: Bruno Welter Giraldes. , 25May2014 (TL: 33mm, 22,5mm, 19,7mm, 19mm, 18,5mm, 15mm and 13mm) , Calhau de São Pedro Island-SC, 20m, hidden in a moored current profiler (ADCP), 27°25'37.39''S 48°40'11.15''W, (LCP/UFSC-089).
Results
Material observed. 326 individuals in cavities mainly at interface between rock and sand; being 30 individuals, 19 Mar. 2014, Rancho Norte site at Arvoredo Island-SC, 8m, 27°16'62.6''S 48°22'48.1''W; 10 individuals, 24 Mar. 2014, Saco do Capim site at Arvoredo Island-SC, 12m 27°17'16.2''S 48°22'45.1''W; 28 individuals 25 Mar. 2014, Deserta Island-SC, 12m, 27°16'62.6''S 48°19'91.5''W; 4 individuals, 26 Mar. 2014, Saco D'agua site at Arvoredo Island-SC, 12m, 27°16'47.4''S 48°22'00.4''W; 12 individuals, 27 Mar. 2014, Baia do Farol at Arvoredo Island-SC, 10m, 27°17'74.6''S 48°21'66.7''W; 68 individuals, 04Apr.2014, north side at Galé Island-SC, 8m 27°10'66.4''S 48°24'40.1''W; 92 individuals, 05Apr.2014, south side of Galé Island-SC, 9m, 27°10'88.7''S 48°24'61.5''W; 20 individuals 06Apr.2014, South side of Deserta Island-SC, 11m, 27°16'30.9''S 48°19'36.2''W; 62 individuals, 09Apr.2014, Aranhas Island-SC, 8m, 27°29'19.9 S) extends the species range 800 km towards the south in the western Atlantic.
Discussion
Only two species from the Stenopus genus, S. hispidus and S. scutellatus Rankin, 1898 have been recorded in Brazil, (Coelho & Ramos, 1972; Coelho & Ramos-Porto 1998; . S. spinosus was an uncertain record reported only in Calado et al. (2008) and its presence in Brazil is confirmed here. According to the newest checklist in 27 o S waters (Boos et al. 2012) , the Stenopodidae family and Stenopus genus were not previously recorded in the studied area and therefore this study represents the first record of the Stenopodidae family in the region.
It is apparent that the exotic Mediterranean (Golden) Boxer Shrimp Stenopus spinosus has a well-established population in Brazilian waters with an occurrence reported in two different islands. It is unknown whether this is due to a long distance distribution pattern resulting from merging cold and deep waters in the northeast Atlantic (near the Mediterranean and Macaronesian islands such as Madeira and Azores) with southwest Atlantic waters in Brazil. This hypothesis has previously been suggested for some reef fish species (Luiz-Junior et al. 2004; Leite et al. 2009 ). The species was also collected in the Norfolk Canyon, off Virginia, and in deep water off the Eastern Florida coast and northeastern Gulf of Mexico (McLaughlin et al 2005; Calado 2008 ). On the other hand, there is a chance that this species had been introduced to Brazilian waters by aquarium hobbyists and then found suitable conditions to survive and reproduce. However, only genetic analyses would identify whether there is a permanent gene flow (panmixia) or if these represent isolated meta-populations. Meanwhile, the occurrence of this species in Brazil must be continually monitored.
In Brazil, 33 Alpheus species have been recorded (Soledade & Almeida 2013 ) and only 6 Alpheus were previously reported in 27°S (Boos et al. 2012) ; extended now to 8 species. The snapping shrimp Alpheus formosus, reported from this work, is a cryptic species with Alpheus paraformosus Anker, Hurt & Knowlton, 2008 and Alpheus panamensis Kingsley, 1878 (Anker et al. 2008 . The one recorded here presents the distinctive colour pattern and morphological features (such as balaeniceps setae on the fingers of the minor chela among others) previously described by Anker et al. (2008) . Our report agrees with Soledade & Almeida (2013) who suggested that A. formosus occurs in Brazil. However more sampling of this species is necessary in Brazil because A. formosus and A. paraformosus present similar colour pattern and they also co-occur in the Caribbean, where the recently described A. paraformosus is rarer than A. formosus (Anker et al. 2008) . Therefore, the low sampling effort for these species in Brazil may not be revealing the presence of A. paraformosus. Regarding A. cf packardii, most Brazilian records of this species were reported as Alpheus normanni Kingsley, 1878, a species from the eastern-Pacific (Soledade & Almeida 2013) . However, the taxonomy of A. normanni and A. packardii remains unsettled due to the presence of cryptic taxa on both sides of the Americas. The true identity of the material from Brazil remains unknown and is still being studied according to Soledade & Almeida (2013) . Apart from their taxonomic discussion, the same A. packardii reported by Soledade & Almeida (2013) concerning morphological features and colour pattern was found in this work.
Lysmata ankeri belongs to a complex group of shrimp known as the peppermint shrimp described by Rhyne & Lin (2006) . According to the same authors, most peppermint shrimp that occur in Brazil were previously identified as Lysmata wurdemanni (Gibbes, 1850) or Lysmata rathbunae Chace, 1970, and these two species are not present in the 27 o S area. For this reason, this study disregards the occurrence of L. wurdemanni in the 27 o S area as mentioned by Boos et al. (2012) and considers the presence of L. ankeri, mainly because all specimens collected in this study presented most of all L. ankeri characteristics described by Rhyne & Lin (2006) . However, the eight peppermint shrimp specimens sampled in this study presented one unique divergence according to the description of L. ankeri by Rhyne & Lin (2006) . They presented 3 teeth on the rostrum ventral margins, instead of 4-6 teeth previously reported. A genetic approach could elucidate if this difference is due to usual variability of species spines, or if we are dealing with meta-populations of L. ankeri.
The study area is at the southern limit of the warm biogeographic Brazilian Province, a transitional warm/cold water area. (Coelho & Ramos 1972; Carvalho et al. 1998; Boschi 2000; Spalding et al. 2007; Almeida & Coelho, 2008; Miloslavich et al. 2011) . Many species that could be progressively carried by the Brazil Current by larval dispersal would be under more suitable conditions in the possible scenario of rising seawater temperature. Therefore, the new occurrence of these shrimp in the area raises some important questions, such as: 1) the warming of the water in the latitude of 27 o S is allowing the appearance of a tropical species during the warming summer times; 2) the limited use of scuba to search for decapods in local research had kept its presence hidden; 3) the ornamental species traded in fishkeeping industry were introduced in the area by aquarium hobbyists.
In summary, monitoring programs using scuba diving with continuous sampling in this shallow rocky reef area within a warm/cold transitional waters, certainly will add to current knowledge of taxonomy and dispersal of invertebrate species with cryptic habits.
